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Preface 

The Space Programs Summary i s  a six-volume, bimonthly publication that documents 
the current project activities and supporting research and advanced development 
efforts conducted or managed by JPL for the NASA space exploration programs. The 
titles of all volumes of the Space Programs Summary are: 

Vol. I. The Lunar Program (Confidential) 

Vol. If. The Planetary-Interplanetary Program (Confidential) 

Vol. Ill. The Deep Space Network (Unclassified) 

Vol. IV. Supporting Research and Advanced Development (Unclassified) 

Vol. V. Supporting Research and Advanced Development (Confidential) 

Vol. VI. Space Exploration Programs and Space Sciences (Unclassified) 

The Space Programs Summary, Vol. VI consists of an unclassified digest of  appro- 
priate material from Vols. I, II, and Ill; an original presentation of technical supporting 
activities, including engineering development o f  environmental-test facilities, and qual- 
ity assurance and reliability; and a reprint of the space science instrumentation studies 
of  Vols. I and II. This instrumentation work i s  conducted by the JPL Space Sciences 
Division and also by individuals of various colleges, universities, and other organiza- 
tions. Al l  such projects are supported by  the Laboratory and are concerned with the 
development of instruments for use in the NASA space flight programs. 

W. H. Pickering, Director 
Jet Propulsion Laboratory 
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A. Introduction 

1. Surveyor Project 

Calculated to span the gap between the Ranger Project 
and Pr6ject Apollo, the Surveyor Project is designed to 
take the next step in advancing lunar technology by 
making soft landings on the Moon with unmanned space- 
craft. Various engineering and scientific experiments will 
be performed during touchdown and while on the lunar 
surface. The first launches will be engineering test mis- 
sions to demonstrate system capability up to soft landing 
and limited postlanding operations. The engineering pay- 
! o d  indudes elements of redundancy, diagnostic telem- 
etry, touchdown instrumentation, and survey TV. 

Following the engineering test missions, the objectives 
are to extend our knowledge of lunar conditions and to 
verify the suitability of Apollo landing sites. The science 
payload is planned to consist of two-camera TV, micro- 
meteorite ejecta, single-axis seismometer, alpha particle 
scattering, soil mechanics surface sampler, and touch- 
down dynamics experiments. 

Hughes Aircraft Company (HAC), Space Systems 
Division, is m d e r  contract to develop and fabricate the 
first seven spacecraft. The JPL Space Flight Operations 
Facility and the Deep Space Network (Mission Opera- 
tions System) will be utilized for flight control and 
tracking. The launch vehicle will be a combination 
Atlus/Centuur. The first launch is anticipated during the 
first half of 1966. 

B. Systems Testing 
1 .  SC-I Flight Spacecraft 

Solar-thermal-vacuum testing of the SC-1 flight space- 
craft was accomplished at HAC during this reporting 
period. The original test plan called for two complete 
mission sequences, one at low and the other a t  high 
solar intensity, in order to obtain margin performance 
data. Approximately 12 hr of the first test (an  abbre- 
viated version of the total solar-thermal-vacuum test) 
had elapsed when spacecraft electrical problems ne- 
cessitated a deviation from the planned test sequence. 
This first part of the mission had been conductcd at 
an average solar intensity of 82%. It was decided that 
the remainder of the abbreviated test should be con- 
ducted at 100% solar intensity to obtain nominal thermal 
performance data. Post-test intensity studies indicated 
that the actual average intensity during the second phase, 
which lasted 14 hr, was 94 to 95%, with localized inten- 
sities of 90 to 91% on most units. Two eclipses (15 and 
30 min) and several terminal descent tests were per- 
formed during the high-intensity phase. 

The test data permitted a preliminary evaluation of 
the thermal performance of the various spacecraft sub- 
systems. The temperatures were essentially as predicted, 
and the deviations from specified levels which did occur 
did not apparently affect subsystem performance. How- 
ever, various problems experienced during this testing 
L - - - -  IlclvG --nnrAtqtorl ,,LLcJJI~uILu 2 mnre complete test sequence. 
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2. SC-2 Flight Spacecraft 

The SC-2 spacecraft began initial system checkout at 
HAC with System Test Equipment Assembly 4. The 
required power and grounding tests were performed 
previously. Due to transmitter changes required to sup- 
port SC-1 spacecraft testing, certain items required 
retest. The telecommunications intergroup integration 
test was performed, as well as a radar altimeter and 
doppler velocity sensor (RADVS) group test. The space- 
craft was then shut down to incorporate harness changes 
to the flight control telemetry circuitry. Following a 
telecommunications intergroup integration retest, flight 
control telecommunications testing was begun. Initial 
system checkout mission sequence, electromagnetic inter- 
ference, and vernier engine vibration tests are also 
scheduled. 

3. SD-2 Spacecraft Dynamic Model 

The SD-2 spacecraft was successfully launched on 
August 11, 1965, from the Eastern Test Range, using 
the Atlns/Centazir 6' launch vehicle (Fig. 1). All flight 
events occurred at, or very close to, predicted times. The 
spacecraft and launch vehicle systems performed nor- 
mally during the launch-to-injection phase. The powered- 
flight trajectory was close to nominal, and the spacecraft 
was successfully injected into the simulated lunar transfer 
trajectory as planned. The injection parameters were 
well within the established limits, and the SD-2 separa- 
tion tumble rate was well below the maximum. 

At 16 hr after launch, an abrupt loss of the SD-2 
signal occurred. Up to that point, the signal levels com- 
pared favorably with predicted levels. An investigation 
of possihlc causes for the signal loss was conducted. A 
large increase in transmitter frequency had been noted 
during one-way lock, and this increase, if caused by tem- 
perature effects, would be indicative of a very high 
temperature rise. The existence of a thermal-vacuum 
problem was disclosed during the investigation. The 
problem was associated with the high-power switching 
transistors in the electrical conversion unit. These tran- 
sistors are mounted close to the transmitter voltage- 
controlled crystal oscillator which controls the transmitter 
frequency in one-way lock. Appropriate correction action 
is under way. 

Thcb SD-2 launch and flight were successful in  meet- 
ing program objectives. The mission yielded factual 
information on the spacecraft physical environment dur- 
ing launch, enabled all tracking stations to obtain actual 
flight tracking experience, and verified the capability of 

I 

i h 

I 

Fig. 1. launch of the SD-2 spacecraft 
from the Eastern Test Range 

the Atlas/Centaur vehicle to place the Surveyor space- 
craft in the proper flight path to the Moon. The flight 
path was such that the simulated landing was only 
150 nm from the planned target area. 

4. GT-I Group Test Vehicle 

During upgrading operations on the GT-1 vehicle, the 
new harness, TV, RADVS, and antenna solar-panel 
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positioner were installed. When the upgrade was com- 
pleted, the SC-2 survey camera and certain SC-3 and 
SP-1 ( flight-quality spare subsystem set) power units 
were group-tested. After modification, the SC-2 engineer- 
ing signal processor and auxiliary engineering signal 
processor were retested in preparation for installation on 
the spacecraft. Although not physically installed on the 
GT-1 vehicle, the SC-2 altitude marking radar unit was 
also group-tested. Group testing of SC-3 and SP-1 units 
is continuing. 

5. T-2N-J Descent Dynamics Test Vehicle 

Two tests of the T-2N-1 vehicle while tethered from 
a balloon were performed at the Air Force Misslie 
Development Center. A RADVS klystron power-supply 
modulator failure delayed completion of the first tethered 
terminal countdown. The malfunction was corrected, and 
the test was then completed. The second test was com- 
pleted approximately 2 wk later. Corrective action was 
taken on all problem areas. Acoustic isolation between 
the vernier engines and the RADVS subsystem was 
inadequate for both tests, but all subsystems except 
RADVS exhibited satisfactory performance in the engine 
noise environment. Pre-release checkout of all subsys- 
tems was satisfactory, except for the RADVS test fixture 
jettison for the second test. Satisfactory countdown pro- 
cedures, abort sequence, and postmission downloading; 
compatibility of the operation display system and crew 
( except for recurrent communications system problems); 
adequacy of ground control facilities and ground han- 
dling procedures; and pitch, yaw, and roll stability were 
demonstrated. 

6. T-2N-2 Descent Dynamics Test Vehicle 

System functional environmental testing of the T-2N-2 
vehicle was satisfactorily completed. Vehicle flight- 
acceptance testing, consisting of RF interference, static 
discharge, vibration, thermal and humidity, and landing 
shock phases, was then performed. When the RADVS 
system is returned from the manufacturer's facility where 
it is being upgraded, RADVS functional tests will be 
performed, and the T-2N-9 vehicle will then undergo 
one additional vibration phase before shipment to the 
Air Force Missile Development Center. 

7. T-2N-R Recovery System Test Vehicle 

The T-2N-R drop-test program was satisfactorily 
completed during this reporting period. Due to high 
pitch, yaw, and roii moments exhibited duriiig thc first 

four tests, the aerodynamic balance plate area was 
increased. Since the pitch and roll moments were still 
marginal during the next two tests, the area of the plate 
was again increased, and three airfoils were added. 
Acceptable aerodynamic moments were then demon- 
strated in a following test. The recovery electronics 
assembly, telemetry conditioning, and solenoid release 
mechanism and safety lock were all found to operate 
satisfactorily. In-tolerance parachute deployment time 
and effective recovery distance; satisfactory descent and 
touchdown stability; adequacy of ground control facilities 
and ground handling equipment; in-tolerance force with 
no structural damage during parachute deployment; 
satisfactory performance of the recovery system; and in- 
toierance average sink raies dcmocstrated. 

8. T-2 J Prototype System Test Spacecraft 

The T-21 spacecraft was shipped to the Goldstone 
Pioneer Station after completing the Pathfinder Mission 
( S P S  37-35, Vol. VI, p. 2) at the Eastern Test Range. 
Preparation of the spacecraft for testing consisted pri- 
marily of a performance verification test, a system readi- 
ness test, and special operations to render the spacecraft 
compatible with Deep Space Instrumentation Facility 
(DSIF) test requirements. Considerable difficulty in 
obtaining repeatable measurements of spacecraft/DSIF 
RF-link losses early in the testing necessitated the 
replacement of one of the two parabolic antennas on the 
collimating tower with a larger antenna. Following this 
corrective action, RF, command, telemetry, TV, and space 
flight operations compatibility tests were performed. 
Also, various spacecraft malfunctions unannounced to 

' the DSIF operations personnel were simulated in order 
:O excrcise these personnel in the analysis of spacecraft 
failure symptoms. The T-21 System Test Equipment 
Assembly 3 performed satisfactorily throughout the tests, 
with only minor perturbations reported. The T-21 space- 
craft was then scheduled for shipment to HAC for 
preparation for drop testing. 

C. Flight Control 

A production mode: of the fiew Cm~pus SPESO~ shade 
design incorporating a greater number of baffles than 
previously used was subjected to stray light and moon- 
light interference tests such as were performed on the 
developmental model ( S P S  37-34, Vol. VI, p. 16). A 
cnmparisnn of the production model data and the 
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developmental model data revealed no significant dif- 
ferences in performance. The susceptibility of the 
Canopus sensor to free particles that may enter the 
sensor field of view was also investigated. No significant 
degradation in performance is expected to result from 
this source. 

An operating roll actuator was installed on the S-7 
test spaceframe in order to exercise the roll actuator and 
Vernier Engine 1 during the type-approval vibration 
testing of the vernier propulsion system at the JPL 
Edwards Test Station. The roll actuator was commanded 
through a series of plus and minus roll positions during 
simulated midcourse and vernier descent firings. Pre- 
liminary test results indicate that all roll actuator 
responses were satisfactory and no failures occurred. 

D. Electronics 
I .  Transmitters 

Efforts to make the Szirveyor transmitters insensitive 
to the critical-air-pressure region are continuing. Although 
the application of high-density foam provides a tem- 
porary solution, a more acceptable solution is still being 
sought. Test results show that the compartment is not 
well-vented, as evidenced by an internal pressure lag 
over external pressure; therefore, the compartment will 
be at critical pressure at the time of high-power turn-on 
(approximately 11 min after launch). Since the trans- 
mitter contains high voltage in the electrical conversion 
unit and high RF voltage when operated through the 
diplexer, the following modifications were found nec- 
essary: (1) rerouting of high-voltage wires in the elec- 
trical conversion unit, (2) foaming of high-voltage areas, 
and (3) arc-proofing of the diplexer so that this unit will 
not be subject to the pressure lag. Three transmitters 
upgraded to the high-voltage configuration have passed 
portions of the critical-pressure high-voltage test. 

2. Low-Gain Upper-Hemispherical Antenna 

It was previously reported ( S P S  37-35, Vol. VI, p. 3) 
that consideration was being given to the addition of 
another antenna on the Surveyor spacecraft to improve 
the over-all performance of the telecommunications sub- 
system. Since that time, it was decided to suspend efforts 
toward the development of this antenna due to the 
potential weight and casting problems which would 
result from its incorporation. 

E. Electrical Power Supply 

Special tests were conducted on the boost regulator, 
battery charge regulator, and engineering mechanism 
auxiliary to verify performance and to increase the con- 
fidence level in these units. Margin testing was performed 
on the battery regulator and battery charge regulator 
in the unit areas to determine any malfunctions that may 
occur as a result of a worst-case analysis. This testing 
consisted of a thermal-vacuum test to assure dissipation 
capability and to observe any arc-overs as the pressure 
was reduced. Another portion of the battery-charge- 
regulator margin testing checked maximum power trans- 
fer over the thermal range and battery voltage range. All 
units passed the tests, except for one battery charge regu- 
lator which dropped in efficiency when operating at con- 
ditions not normally encountered in the compartment. 

F. Propulsion 

I .  Vernier-Propulsion-Subsystem 
Component Evaluation 

Work continued at JPL on the program to perform 
limited environmental tests of selected upstream system 
components for the purpose of evaluating, on an inde- 
pendent basis, the capability of these components to 
meet the Surveyor requirements. The second component 
to be evaluated was the helium relief valve, which pre- 
vents overpressurization of the propellant tanks in the 
event of a malfunction during regulator lockiip. 

Early in the development of the valve, design prob- 
lems were encountered in the sealing of the valve at 
low temperatures. A Teflon seal which was incorporated 
caused difficulty in assembly, since the seal had to be 
stretched during installation on the piston. Since this 
deformed the seal and resulted in excessive leakage, it 
was decided to change the piston design to eliminate 
the need for stretching of the seal. 

For this evaluation, two valves were acquired from 
HAC: one of the original design and the other in the 
modified configuration with the redesigned piston. Due 
to a structural fatigue failure, testing on the original- 
design valve was discontinued after the high-temperature 
cycling test. 

4 
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Prior to its evaluation, the modified valve was cycled 
1000 times, using the original piston to “wear-in” the 
Teflon seal which had a leakage greater than the specifi- 
cation value. After this cycling, the valve passed all 
leakage tests with the exception of the post-vibration 
test, where the leakage was greater than that allowed 
by the specification. Since subsequent leak checks were 
within tolerance, it was suspected that this failure was 
caused by some particulate matter in the test system 
that prevented complete closing of the valve. From the 
resiilts of the testing, it appears that the modified two- 
piece piston has eliminated the piston-seal leakage 
problem. 

Satisfactory cracking And reseat pressures, valve re- 
sponse, and valve capacity were also demonstrated dur- 
ing the tests. As an additional test, the modified valve 
will be given an exposure to oxidizer vapors to verify 
propellant compatibility. 

2. Vernier-Propulsion-Subsystem 
Type-Approval Testing 

The thermal environment phase of the vernier- 
propulsion-subsystem type-approval test program was 
successfully completed at the HAC Placerita Canyon 
test facility. The S-6 test spaceframe underwent a real- 
time simulated mission at each of two temperature 
extremes. Each simulated mission consisted of a 50-sec 
midcourse firing and a programmed 175-sec descent fir- 
ing. The quality of the data recovered was excellent, and 
all program objectives were achieved. 

The vibration environment phase of the type-approval 
test program was also completed during this reporting 
period. The S-7 test spaceframe used in these tests under- 
went vibration at  flight-acceptance-test levels two times 

in each of three orthogonal axes and was then subjected 
to vibration at type-approval-test levels in both horizontal 
axes. After these tests, which were conducted at  the 
HAC Space Simulation Laboratory, the vehicle was 
transferred to the JPL Edwards Test Station for simu- 
lated boost vibration at  type-approval-test levels, two 
simulated midcourse firings without vibration, and a 
simulated descent firing with retromotor vibration. Data 
from these tests are currently being analyzed. 

3. Thrust Chamber Assembly Evaluation 

The evaluation of Surveyor vernier engines continued 
at the JPL Edwards Test Station. Two tests were per- 
formed with a thrust chamber a55t!lIlb!y io determinc 
any change in maximum thrust which might result from 
helium dissolved in the propellants. The data indicate 
that dissolved helium does not appreciably affect the 
maximum thrust capability of the engine. 

Additionally, tests were performed to demonstrate 
start characteristics in a cold ultrahigh-vacuum environ- 
ment. A special vacuum chamber was developed for 
maintaining the ultrahigh vacuum on the assembly 
(mounted within the chamber) during the ignition 
phase. Ignition lag and start transient characteristics dur- 
ing the first test, with the propellants conditioned to 
about 50°F, were comparable to those demonstrated by 
the flight-type engine used in previous tests. The second 
test was performed with propellants conditioned to 
approximately 20°F. The ignition lag during this test 
was about 15 to 20 msec longer than that in the first 
test. Considerable difficulty was experienced during the 
tests in maintaining a completely leak-tight system with 
the cold propellants in the ultrahigh-vacuum environ- 
ment. A third and final test with the propellants con- 
ditioned to O°F is planned. 

5 
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I I. Mariner Project 

A. Introduction 

The early objective of the Planetary-Interplanetary 
Program was the initial probing of the planets Mars and 
Venus by unmanned spacecraft. The initial probing of 
Venus was successfully accomplished by the Mariner 11 
spacecraft in 1962. The initial probing of Mars was suc- 
cessfully accomplished by the Mariner IV spacecraft 
during the 1964-1965 flight opportunity. 

The primary objective of the Mariner C missions 
(Mariner  Mars 1964 Project) was to conduct closeup 
flyby scientific observations of the planet Mars during 
the 1964-1965 flight opportunity and to transmit the 
results of these observations back to Earth. A secondary 
objective of the Mariner C missions was to provide 
experience and knowledge about the performance of 
the basic engineering equipment of an attitude-stabilized 
flyby spacecraft during a long-duration flight in space 
farther away from the Sun than the Earth. An additional 
objective was to perform certain field and particle meas- 
urements in interplanetary space during the trip in 
addition to those performed in the vicinity of Mars. 

The Mariner I l l  spacecraft was launched from the 
Eastern Test Range on November 5, 1964. The nose cone 
failed to eject from the spacecraft, thereby precluding 
- - I - -  - . - - I  - I . . - - l - - - - - - t .  Tl.- L..ct,.... .-,_..,or , I , q P  Clpn!ptpd ~ulcll-pclllcl ucpllJyIllL11L L l l G  "aLrLLy  P""b*  . I U Y  --y 

8 hr, 43 min after launch. 

The Mariner IV spacecraft was successfully injected 
into a Mars encounter orbit about the Sun on November 
28, 1964. The encounter with Mars, which occurred on 
July 14 and 15, 1965, was entirely successful. Flight 
operations were conducted as planned with a series of 
ground-transmitted commands. Planetary observations 
were performed which provided basic new information 
about Mars, including TV pictures, cosmic dust particle 
counts, and measurements of magnetic and ionizing radi- 
ation fields. In addition, an Earth occultation experiment 
was carried out during the Type I trajectory flyby to 
obtain data relating to the scale height arid pressure in 
the atmosphere of Mars. Analysis of the TV pictures and 
the data from the other science experiments is continuing. 

Phase 1 of the Mariner IV mission was successfully 
concluded October 1, when a command was sent by the 
Goldstone Venus Tracking Station to transfer the space- 
craft transmitter from the high-gain antenna to the omni- 
or low-gain antenna. The Deep Space Network was in 
continuous contact, with the spacecraft (with minor ex- 
ceptions) for the entire 307 days of Phase 1. The total arc 
distance travelled by Mariner IV during that period was 
4i8 miiiion miles. A total of 85 commands were trans- 
mitted, successfully received, and acted upon by the 
spacecraft, and approximately 50 million bits of data were 
received from the spacecraft. The only anomalies which 
occurred were degradation of the solar plasma probe 
data and failure of the Geiger-Muller 10311 tube and 
the ionization chamber experiment. 

7 
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The conclusion of Phase 1 marked the beginning of 
Phase 2, during which the Deep Space Network will at- 
tempt to track Mariner IV as an R F  source completely 
around its orbit of the Sun. These attempts will be made 
approximately once every month; however, the earliest 
significant efforts will probably not take place until the 
new 210-ft-diameter antenna at the Goldstone Mars 
Tracking Station is in a research-and-development opera- 
tional mode (approximately spring of 1966). 

B. Mariner IV Space Flight 
Operations 

The postencounter events of the Mariner IV mission are 
given in Table 1. During the playback of the second re- 
cording sequence beginning September 1, the camera 
“saw” dark space and stepped through its four gain levels 
sequentially on the first five recorded pictures. This oper- 
ation was performed to provide additional data on the 
dark response of the camera system to aid in the inter- 
pretation of the haze or fogging of the Mariner IV pic- 
tures. After the playback was completed, operations were 
directed toward returning the spacecraft to a cruise con- 
dition. During the remainder of September, the inter- 

ferometer effect precluded the transmission of any more 
commands. This condition existed until just prior to the 
completion of Phase 1 on October 1. 

C. Mariner IV Power Subsystem 
Performance 

With the exception of the higher-than-expected battery 
voltage ( S P S  37-33, Vol. VI, p. 18; and SPS 37-34, Vol. VI, 
p. 20), the operation of the Mariner IV power subsystem 
was completely normal and prec! ktable throughout the 
307 days of Phase 1. (After the antenna changeover on 
October 1, no further data could be received.) TWO 
theories have been advanced to explain the increase in 
battery voltage: 

(1) It was a normal consequence of the 0-g gravita- 
tional field, temperature effects, and the small (1.6- 
ma) charge current produced by the battery voltage 
telemetry transducer. 

(2) The battery case had cracked and electrolyte was 
leaking out slowly and evaporating; this produced 
a partially open cell, which the battery voltage 
telemetry transducer interpreted as increased 
voltage. 

Table 1. Postencounter events of the Mariner IV mission 
~ 

Event 
- 

Maneuver inhibit commond 

Command for minimum pitch turn 

Command for minimum roll turn 

Commond for minimum motor burn 

Conopur ongle updoie command 

Commond for turn-off of tope recorder power and start of scon platform 

Command for telemetry Dola Mode 3 (all science doto) 

Command for inhibit of scon platform 

Command for start of record sequence 

Commond for telemetry Doto Mode 2 
Command for turn-off of 011 science and turn-off of bottery charger 

Command for switching tracks on tape recorder 

Command for telemetry Doto Mode 4 ploybock 

Ploybock of second recording sequence 

Command for ?urn-off of video system and turn-on of bottery charger 

Command for turn-off of battery charger 

Commond to place spacecraft in  cruise mode 

Command to switch spacecraft from high-gain to low-goin antenna 

Receipt of lost signal from spacecraft 

Date, 1965 

August 26 
August 26 
August 26 
Augus? 26 
August 27 
August 30 
August 30 
August 30 
August 30 
August 31 

August 31 
August 31 
August 31 

September 1 
l0 

September 2 
September 2 
September 2 
September 2 

October 1 
October 1 

GMT, hr:min:sec 

21 :06:52 
21:15:16 
21 :23:40 
21 :32:04 
19:40:00 
20:30:OO 
21 :10:24 

22:48:38 
23:35:26 
00:05:00 
00:44:00 
00:49:00 

0 1 : 25:OO 
02:00:46 

to 
06:48:32 
06:17:00 
06:23:00 
06:29:00 
21 :30:17 
22:05:07 
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When the antenna changeover was made, the battery 
voltage had increased to 37.2 v dc. Since the voltage did 
not exceed 38.0 v dc - a limit at which the second theory 
would become more likely - a positive determination of 
which theory is correct does not appear possible. Numer- 

ous tests with identical batteries and with individual cells 
and conferences with the battery manufacturer did not 
yield conclusive results. Since a definite solution using 
Mariner ZV data seems unlikely, it is hoped that contin- 
ued study of silver-zinc batteries may provide the answer. 

9 
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111. Voyager Project 

The primary objective of the Voyager  Project is to 
conduct scientific investigations of the solar system by 
instrumented, unmanned spacecraft which will fly by, 
orbit, and/or land on the planets. Emphasis will be 
placed on the acquisition of scientific information rele- 
vant to thc origin and evolution of the solar system, 
the origin, evolution, and nature of life, and the applica- 
tion of this information to an understanding of terrestrial 
life. 

The primary objective of the portion of the Voyager 
Project relating to the investigation of Mars is to obtain 
information relative to the existence and nature of extra- 
terrestrial life and relative to the atmosphere, surface, 
and body characteristics of Mars and the planetary 
environment by performing a series of experiments on 
the surface of, and in orbit about, the planet. For the 
first mission, which is presently sclieduled for 1971, pri- 
mary emphasis will be placed on an orbiter, with the 
possible inclusion of a nonsurviving, engineering test 
capsulc or atmospli~,ric-ciitry probe. The first capsule 
missions to include scientific experiments on the 
surface of Mars arc' currently scheduled for the 1973 
opportunity. 

A secondary objective is to further our knowledge 
of the interplanetary medium between the planets Earth 

and Mars by performing scientific and engineering meas- 
urements while the spacecraft is in transit. 

Two Voyager planetary vehicles arc to be designed, 
constructed, and tested for launch during the Mars 1971 
opportunity. A single Saturn V is planned to serve as 
the launch vehicle for this mission. Attention is also 
being given to requirements imposed on the vehicle by 
similar launches subsequent to 1971. The vehicle design 
will be such as to enable large scientific payloads to be 
carried to the planet, a large amount of data to be 
telemetered back to Earth, and long useful lifetimes in 
orbit about the planet and/or on the planetary surface. 
Hardware will be designed to accommodate a variety of 
spacecraft and/or capsule payloads, mission profiles, and 
trajectories. Particular emphasis will be given to simple 
and conservative design, redundancy wherever appro- 
priate, and a comprehensive program of component, 
subsystem, and system testing. No deep-space flight tests 
of the Spacecraft are planned; however, the test program 
for the capsule may includc Earth-entry flight tests using 
an Atlas or smaller launch vehicle. 

Present design plans for the Voyclger spacecraft are as 
follows: The flight spacecraft will be fully attitude- 
stabilized, utilizing celestial references for the cruise 
phase. The capability of providing velocity increments 

1 0  
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for midcourse trajectory corrections and for Mars orbit 
attainment by both the spacecraft and capsule will be 
provided. Onboard sequencing and logic and ground 
command capability will also be included. The space- 
craft, thermally integrated and stabilized, will supply its 
own electrical power from either solar energy or internal 
sources and will be capable of maintaining radio commu- 
nications with Earth. Data on various scientific phenom- 
ena near Mars and data on spacecraft performance will 
be telemetered back to Earth, 

The flight spacecraft will provide the capsule with 
services such as electrical power, timing and sequencing, 
telemetry, and command during the transit portion of the 
missions, and it may also serve as a communications reiay. 
The sterilized capsule will be designed to separate from 
the orbiting spacecraft, attain a Mars trajectory, enter the 
Martian atmosphere, descend to the surface, and (for 
the 1973 mission) withstand impact and attain surface 
lifetimes of as much as 6 months. 

Mission engineering studies were undertaken to derive 
a model sequence of Voyager missions over several plan- 
etary opportunities to serve as the basis for 1971 Voyager 

mission planning. On the basis of the 1971 Voyager mis- 
sion specification, spacecraft system analyses and tradeoff 
studies are being performed by JPL and three spacecraft 
contractors to assess the constraints imposed on the 
spacecraft by the mission objectives and by other systems. 
A single spacecraft contractor will be selected after com- 
pletion of preliminary designs. This contractor, under JPL 
technical direction, will then be responsible for: 

Refining the preliminary designs and functional 
descriptions. 

Developing system and subsystem functional speci- 
fications. 

Breadboarding and testing seiected subsysterri 
hardware. 

Preparing, for JPL approval, detailed plans cover- 
ing the proposed management and implementation 
of the development, fabrication, testing, launch, 
and test operations efforts. 

Study efforts in areas such as guidance and control, tele- 
communications, and propulsion are continuing at  JPL. 

11  
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IV. Future Projects 

A. Introduction 

The JPL Future Projects Office is responsible for the 
direction, sponsorship, and, in cooperation with other 
technical areas of t’le Laboratory, origination of ad- 
vanced mission and future project studies of interest and 
applicability to the Laboratory space program. The 
objective is to ensure the availability, when required, of 
preliminary technical information and plans for potential 
missions, including associated information on spacecraft 
systems, instrumentation, launch vehicle systems, re- 
sources, and schedule requirements. This preliminary 
information will be used to define specific flight mission 
projects and to provide general guidelines for the direc- 
tion of Laboratory rcscarch and advanced development 
efforts. A summary or informative abstract of the results 
of each study will be presented in the Spcice Progrunis 
Sirmmury, including, where appropriate, reference to the 
more detailed formal final report issued by the Future 
Projects Office. 

B. A Systems Comparison of 
Direct- and Relay-Link Com- 
munications for an Eventual 

Long-Life Mars Sur- - 

face Experiment’ 

This article summarizes the results of an evaluation of 
two alternate schemes for returning data to Earth from 
an eventual long-life Mars surface experiment. One 
scheme involves transmission of the lander data to an 
artificial planetary satellite for subsequent transmission 
to Earth, and the other involves transmission directly 
from the lander to Earth. The relay system, requiring the 

‘A detailed description of this analysis is presented by Barber, T. A., 
Billy, J. M., and Bourke, R. D., in A Systems Comparison of Direct 
u d  Relay Link Data Return Modes for Advanced Planetary 
A4ission, Technical Memorandum No. 33-228, Jet Propulsion Lab- 
oratory, Pasadena, California (To be published). 

12 
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Viewing fraction v 

Actua! information 
rate I , ,  bits/sec 

Effective information 
rate 1, , bits/sec 

Total bits (perfect 
reliability), X 10'" 

Expected total bits 
IfTJ, X 10" 

orbiting and simultaneous operation of a communica- 
tions satellite with the landing of the capsule, represents 
a considerable increase in complexity over the direct-link 
system. The satellite receives data from the lander 
sporadically at a high rate and transmits it continuously 
to Earth at a low rate. With the direct system, on the 
other hand, it is necessary to erect and steer a highly 
directional antenna to support the required data rate for 
reasonable powers. The requirements for these opera- 
tions serve to degrade the reliability of the direct-link 
system. Furthermore, since the lander is on the surface 
of a rotating planet, it can view and transmit to Earth 
during only a fraction of the day. Both systems must 
re:i;m :he data v . ~ r  the e f i ~ l r m n ~ s ~  continuously chang- 
ing Earth-Mars range. These and other technical aspects 
of the two schemes were evaluated so that their data 
return capabilities could be quantitatively compared. 

0.118 

28,300 

3340 

5.2 

0.63 

Three comparison criteria were used: 

(1) Effective information rate Z, = i i  u, where ii is 
the actual information rate when communications 
are established, and v is the fraction of time that 
transmission is actually carried out. Whereas the 
direct scheme has only one effective information 
rate, the relay scheme has two: one for the lander- 
to-orbiter link and the other for the orbiter-to- 
Earth link. The smaller of these two determines the 
amount of lander data received at Earth. 

(2) Reliability R(t),  the probability that each system is 
operating properly at time t. This has been ob- 
tained through reliability and failure-rate models 
of subsystems and required functional sequences. 

(3) Expected total bits 

z ( T )  = i, Jt: R ( t )  dt, 

where tu is the time at which data begin to accrue, 
and T is greater than t,, and less than or equal to 
the end-of-mission time. This quantity is actually 
the measure of the average amount of information 
received at Earth using one particular scheme. 

To numerically evaluate these three comparison 
criteria, two basic assumptions were made: (1) The lander 
was assumed to gather and return to Earth 10'" bits of 
data over a 6-mo period, and (2) the opportunities of 1975 
and 1977 were assumed for trajectory purposes. AS a 
consequence of the first assumption, the following tele- 
communicaticns s y s t e ~  &racteri$tirs were used in this 
analysis: The Mars-to-Earth links for both schemes were 

taken to use steerable high-gain (+35-db) 12.5-ft-diameter 
antennas, 50-w S-band transmitters, Earth coverage as 
required with the 210-ft-diameter Deep Space Instrumen- 
tation Facility antennas, command playback, and adequate 
on-board data storage. The lander-to-orbiter link of the 
relay system was taken to use a VHF transmitter; an 
antenna on the planet surface erected to the local verti- 
cal; an antenna on the orbiter directed toward the planet 
center, which, in conjunction with the lander antenna, 
was to give about 10 db of total gain; command playback; 
and automatic acquisition. Adequate storage (a few per- 
cent of the total bits) to prevent the loss of significant 
amounts of data was assumed for both ends of the link. 

The results of this study, shown in Table 1, may be 
summarized as follows: 

(1) For the assumed parameters, the effective bit rate 
of the relay link is better by a factor of three. 

(2) The relay link is less reliable than the direct link, 
being about twice as likely to fail during the 6-mo 
mission. 

(3) The amount of expected cumulative data using the 
relay link is greater than that using the direct link 
by a factor of two. 

(4) For the assumed lander relay transmitter power, 
a 4000- X 20,000-km orbit reduces the relay-link 
effective bit rate below that of the direct link. 

Table 1. Results of the direct- and relay-link 
systems comparison 

Relay system 

lander-to-orbiter link" with I indicated orbital altitude I I "" 
to- t-- Comparison criteria 

5000 km I 

"10.w lander transmitter; IO-db antenna system gain. 
"35-w radiated power; 36.7-db antenna system gain. 
'40u.day tranrii: 6.75 4;cec?-!:;k =z!ennc rnlinhility 

3340 

1 0.63' 

0.33 

3340 

1110 

1.7 

0.33' 
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(5)  Both systems are data-rate-limited by the Earth 

(6) The IOlo-bit requirement necessitates the use of a 
high-power transmitter and a very-high-gain steer- 
able antenna for both systems. 

On the basis of these results, it may be concluded that 
both systems yield comparable expected total data return 
and that, consequently, the choice between a direct- and 
relay-link system should be made on grounds other than 
data return capability. 

link. 

I 14 
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V. Deep Space Network Systems 

A. Introduction 

The Deep Space Network (DSN) is the NASA precision 
communications network designed to communicate with, 
and permit control of, spacecraft designed for deep space 
exploration. The DSN consists of the Deep Space Instru- 
mentation Facility (DSIF), the Space Flight Operations 
Facility (SFOF), and the DSN Ground Communications 
System (GCS). 

It is the policy of the DSN to continuously conduct 
research and developnient of r,ew components and sys- 
tems and to engineer them into the DSN to maintain a 
state-of-the-art capability. Presently, a capability exists 
for simultaneous control of a newly launched spacecraft 
and a second one already in flight. Efforts are under way 
to provide for simultaneous control of either two newly 
launched spacecraft plus two in flight or four spacecraft 
in flight. 

B. DSN Monitoring System 

I .  Introduction 

A DSN Monitoring System is to be designed and devel- 
oped to provide monitoring at points along the data flow 

path so that a measure of DSN performance in real or 
near-real time may be obtained. A data-monitoring func- 
tion and performance and failure data in real or near-real 
time for information purposes, for use in taking corrective 
action, and to aid in validation of output data will be 
provided, as well as a permanent record of performance 
and data monitoring. Functional specifications are being 
reviewed and updated. The design, development, instal- 
lation, and checkout of the DSN Monitoring System for 
support of the Surveyor and Lunar Orbiter Projects are 
scheduled for completion in spring 1967. 

2. DSN Monitor Area for the SFOF 
The DSN Monitor Area, functionally a part of the 

over-all DSN Monitoring System, will be the primary 
user subsystem of the monitoring information sensed, 
processed, and provided by the System. As such, it will 
be a mission-independent, highly reliable, on-line facility 
located in the SFOF. Selected outputs from the DSN 
Monitoring System and SFOF subsystems will be dis- 
played to aid in the validation of DSN output data. The 
information flow and control element interfaces are shown 
in Fig. 1. The area will house two DSN Monitor and 
Analysis teams and appropriate input/output and display 
equipment. Sufficient capacity for simultaneous support 
of two missions (two stations per mission) will be pro- 
vided. A functional specification for the SFOF displays 
and the display buffer is being prepared, and an opera- 
tional design team for the DSN Monitor Area has been 
formed. 

15 
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-------- I 
I r--- 

I 
SPACECRAFT 

GCS MONITOR 

RECORDING 
SFOF MONITOR I 

I 
I 

I 1 I 

DSN 
DATA I READOUTS 

- 
SFOF DATA STREAM 

L 

OPERATIONS 

CONTROL 

CHIEF 

t ---I7 
I mil 

L - - - - - - - - - - - - COMMAND, TELEMETRY 

TRACKING, VIDEO, PREDICTS 

PUBLIC 

SYSTEM STATUS DATA FOR 
MONITOR AREA DISPLAY OFFICE 

Fig. 1. DSN Monitor Area information flow and control element interfaces 

C. DSIF Chart Room 

Activated in May 1965, the DSIF chart room (Fig. 2) in 
the Telecommunications Laboratory, JPL Building 238, is 
riscd for the systematic integration of all data generated 
and used by the DSIF. In establishing such a room, it was 
intended that thc following would be implemented: 

(1) A control centcr for coordination of all engineering 
and operations information of all DSIF stations. 

(2) Effective means and methods of data programming 
for planning and scheduling DSIF activities. 

(3) Communications to provide timely status on all 
DSIF stations and a system for quick response to 
scheduling problems for the network. 

(4) A focal point for expeditiously transmitting sched- 
uling data when performance, planning, or other 
requirements have been changed. 

The chart room functions primarily as a working area in 
which the data are received, reviewed, analyzed, and 
then displayed on either of two types of wall displays. In 
addition, it serves as a managerial conference area for 
planning and scheduling. 
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system parameters can be predicted. Such a model is being 
developed along the following philosophy: It is assumed 
that the GCS can be represented as a series-parallel 
network of functional elements. The elements of the 
general functional block which acts upon input to give 
output are: 

(1) Transformation or transfer function. 

(2) Additional noise transformation (for noise with 

(3) Storage capacity, service times, and waiting times. 

(4) Information rates or throughput capacity, 

special properties). 

The model should: (1) allow the user to quantitatively 
appraise the bounds on the accuracy of data transferred 
through a particular system, and (2) provide a basis for 
the design of codes which will optimally compensate for 
the system noise within operational constraints. 

Fig. 2. DSlF chart room 

As part of the GCS model development, a general 
error model for digital data error is also being developed. 
This model will be used in conjunction with the GCS 
model or separately to simulate the effect of a system 
which introduces error into the digital data. The model 
will be general enough to be representative of systems 
which exhibit correlated noise and thus will be of use in 
the study of the effectiveness of particular coding schemes. 

D. GCS Communications 
Theory Model 

A model of the GCS should enable a user to approxi- 
mate functional relationships within a system so that 
relationships between input/output transformations and 
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VI. Deep Space Instrumentation Facility 

A. Introduction 

The Deep Space Instrumentation Facility (DSIF) 
utilizes large antennas, low-noise phase-lock receiving 
systems, and high-power transmitters located at stations 
positioned around the Earth to track, command, and 
receive data from deep space probes. The DSIF sta- 
tions are: 

Station 

Goldstone Pioneer 

Goldstone Echo 

Goldstone Venus 
(research and 
development) 

construction) 
Goldstone Mars (under 

Woomera 

Tidbinbilla 

Johannesburg 

Madrid 

Spacecraft Monitoring 

Spacecraft Guidance 
and Command 
(under construction) 
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Location 

Barstow, California 

Barstow, California 

Barstow, California 

Barstow, California 

Island Lagoon, Australia 

Canberra, Australia 

Johannesburg, South Africa 

Madrid, Spain 

Cape Kennedy, Florida 

Ascension Island 

JPL operates the U. S. stations, will operate the Space- 
craft Guidance and Command Station, and currently 
plays a major role in the operation of the Madrid Station. 
The overseas stations are normally staffed and operated 
by government agencies of the respective countries with 
the assistance of U. S. support personnel. 

The DSIF is equipped with 85-ft-diameter antennas 
having gains of 53 db  at 2300 Mc and a system tempera- 
ture of 55OK, making it possible to receive significant 
data rates at distances as far as the planet Mars. To 
improve the data rate and distance capability, a 210-ft- 
diameter Advanced Antenna System is under construction 
at the Goldstone Mars Station, and two additional an- 
tennas of this size are planned for installation at overseas 
stations. 

B. Tracking Stations Engineering 
and Operations 

I .  Goldstone Pioneer Station 

Testing of the Surljeyor T-21 prototype system-test 
spacecraft was completed, and the spacecraft was 
shipped from the Goldstone Pioneer Station. The testing 
included crew training, system compatibility, and major 
subsystem tests. Good-quality 200-line pictures were re- 
corded during tests of the spacecraft horizontal camera. 
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Interface and subsystem tests are continuing, and prep- 
arations for DSIF/SFOF (JPL Space Flight Operations 
Facility) net integration tests are in progress. 

The Pioneer Station continued as the overseas staging 
center for initial testing of S-band equipment and systems. 
The Spacecraft Guidance and Command Tracking Sta- 
tion equipment was shipped in midSeptember, and 
equipment for the Madrid Tracking Station and the 
Manned Space Flight Network backup system are cur- 
rently being assembled. 

2. Goldstone €cho Station 
The second turn-on of the Mariner ZV TV equipment 

was accomplished using the Goldstone Echo Station 
10-kw transmitter. From that point until mission termi- 
nation, the tracking operations were relatively routine. 
Several experiments were conducted using the spacecraft 
received signals as reference. A signal-to-noise estimator 
series of tests was conducted until mission termination. 
Also, a diversity receiver test was performed using the 
coordinated facilities of the Goldstone Echo, Pioneer, 
and Venus Stations. 

During the final portion of the Mariner ZV tracking, 
only minor equipment difficulties were encountered. Due 
to a malfunction in the Echo Station maser cryogenic 
assembly and the resulting necessary maser cooldown 
time, the Venus Station operated in the receive mode, 
with the Echo Station recording telemetry for 1 day dur- 
ing the final month. Mission termination was recorded by 
the Echo Station at  23:05:07 GMT on October 1, 1965. 

Installation and testing of the Pioneer Proiect mission- 
dependent equipment began in April 1965. During the 
final weeks of the Mariner ZV mission, interface and oper- 
ational testing was performed between the end of the 
station post-tracking calibrations and the start of the next 
day’s tracking countdown. This testing included a series 
of spacecraft orientations between the Echo Station 
ground equipment and a Pioneer spacecraft test model 
(Fig. 1). The final interface and integration testing of the 
S-band system interfaces with the Pioneer mission- 
dependent equipment was begun after the completion of 
the Mariner IV mission. The Mariner mission-dependent 
rquipment was removed from the Echo Station. and the 
station was then readied for a full Pioneer Project con- 
figuration and for final tests. 

Preparations for the arrival of Lunar Orbiter Project 
equipment were begun. 115th the arri\Tal of major racks 
of the ground equipment, installation procedures were 

Fig. 1. Pioneer test model undergoing spacecraft 
orientation testing 

started. Concurrent with equipment installation, Lunar 
Orbiter computer programs are receiving preliminary op- 
erational tests using the S-band digital instrumentation 
subsystem. 

3. Goldstone Venus Stution 
Command transmission to the Mariner ZV spacecraft 

remained the primary function of the Goldstone Venus 
Station until mission termination. During the final 2 wk, 
the Echo Station 10-kw transmitter was able to establish 
two-way lock with the spacecraft, but had insufficient 
power to lock up the command loop. When the space- 
craft was 192 million miles from the Earth, the full com- 
mand capabilities of the Venus Station 100-kw transmitter 
were used. At the time the final command was trans- 
mitted on October 1, the round-trip time for a signal to 
reach the spacecraft and return to Earth was 35 min. This 
last command caused the spacecraft to switch to the 
omnidirectional antenna on the spacecraft-to-ground link. 

X-Band experiments on the Moon of greater complexity 
and longer duration than previous experiments were per- 
formed at the Venus Station. These experiments included 
totai spectrum, mapping, a d  open-loop ranging. A 
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measurement of the apparent radio temperature of the 
Sun at 2295 MHz was made using the85-ft antenna 
and a DSIF traveling wave maser. The antenna was bore- 
sighted on the Sun, and a comparison was then made 
between the noise outputs from the receiver when ter- 
minated in an ambient temperature load and when 
terminated in the antenna and looking at the Sun. An 
apparent solar brightness temperature of 16,400"K at 
2295 MHz was indicated. No corrections have yet been 
made for possible limiting in the maser at the high signal 
levels represented by this temperature. 

4. Goldstone Mars Stution 

The digital instrumentation subsystem, the station con- 
trol and monitor console, and the frequency timing sub- 
systems have been installed, and installation operational 
testing of the digital instrumentation subsystem is under 
way. Other components of the S-band system are being 
stored at the Goldstone Echo Station. 

C. Developmental and 
Testing Activities 

7 .  Triode Buffer Amplifier 

Since the buffer amplificr for the exciter used to drive 
the 100-kw Alarincr IV final amplifier exhibited excessive 
deterioration in output power, lifcl tests were conducted 
on a triode amplifier of the type flo\vn on Mariner IV. The 
test results were satisfactory, so two of these amplifiers 
(one spare) were built with the cavities redesigned to 
operate in the 2110- to 2120-Mc band. This type of 
amplifier is temperature-compensated and is normally 
operated in an air-conditioned Cassegrain cone. Tests on 
the completed unit over the range from -5 to 125°F 
showed an outpnt power variation of less than 0.1 db. 
The only significant temperature effect was a slight varia- 
tion of the bandwidth. 

The new buffer amplifier was installed prior to the 
scheduled datc. for scnding commands on the low-gain 
antcwna to rcturn the illnrincr IV spacecraft to a cruise 
mode. Satisfactory performance of the new amplifier was 
demonstratcd. 

2. Lunar und Planetary Radar Module 

a. 30-Mc balanced mixer (signal type). The lunar and 
planetary radar subsystem 30-M c balanced mixer band- 

width was increased from 20 to 100 kc to support the 
advanced spectrum analysis experiments. A spare bal- 
anced mixer was modified: (1) mechanically, due to physi- 
cal differences in the crystal filters, and (2) electrically, by 
increasing the bandwidth of the input stages and match- 
ing the filter input and output to optimize passband 
ripple. To reduce the effect of the mixer output on the 
bandwidth of the stagger-tuned 455-kc intermediate- 
frequency amplifier that follows it, the resonant circuit 
was removed, and a special wideband transformer was 
installed. Physical restrictions of the module required the 
development of this special wideband transformer. The 
bandwidth obtained was further increased by the addition 
of RF-interference filtering to a value of 71 kc to 1.04 Mc. 
The modifications of the 30-Mc balanced mixer have been 
completed, and the unit has been installed in the spec- 
trum receiver at the Goldstone Venus Station with a 
bandwidth of 100 kc. 

b. 30.455-Mc balanced mixer (reference type).  A co- 
herent leakage test was performed on a 30.455-Mc bal- 
anced mixer, using a laboratory test system approximating 
the Goldstone Venus Station S-band planetary radar 
receiver. The coherent leakage level was found to be 
equivalent to 45 db  below threshold. Also, a spectral test 
of the output of the balanced mixer only was performed. 
The design goal of a 40-db leakage margin below system 
threshold was met satisfactorily, establishing leakage com- 
patibility of the new central frequency synthesizer soon 
to be installed at the Goldstone Venus Station with the 
S-band planetary radar receiver. 

3. Simulfuneous Lobing Radiomefric 
Trucking System 

The S-band system for the 210-ft-diameter antenna will 
use a simultaneous lobing angle tracking feed system. A 
radiometer used in conjunction with the tracking feed 
will be useful for angle pointing and gain calibrations of 
the antenna system using radio star sources. This tech- 
nique is especially important for the 210-ft-diameter 
antenna, since this antenna does not have a collimation 
tower. 

Testing of the simultaneous lobing radiometric tracking 
system was recently resumed. The system was installed 
at the Goldstone Echo Station in conjunction with the 
85-ft-diameter antenna and the S-band receiver system. 
Various radio sources were tracked, and tracking data 
were taken. 

The system was also operated in an experiment de- 
signed to eliminate the necessity of a collimation tower 
when phasing the receiver for automatic tracking of a 
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spacecraft. The simultaneous lobing radiometer and a 
radio source were used with a signal generator to phase 
the receiver, and the boresight and phasing were checked 
against those obtained from the collimation tower. The 
experiment was performed on the hour-angle axis of the 
Goldstone Echo Station 85-ft-diameter antenna. The aver- 
age difference between phase shifter settings obtained 
from the collimation tower and those from the radio 
source was approximately 25 deg. The results clearly 
demonstrate the feasibility of the system; however, fur- 
ther refinement of the technique is necessary before the 
system can be considered operational. 

4. Automatic Checkout Equipment for 
Mark I Ranging Subsystem 

The Mark I ranging subsystem will permit precise de- 
termination of ranges up to 800,000 km when used in 
conjunction with an S-band “turnaround transponder. 
Developed for the DSIF for tracking lunar probes and 
monitoring early midcourse maneuvers of planetary space- 
craft, it is a digital process control device having many 
signal interfaces with other subsystems, particularly the 
S-band receiverlexciter. 

To check the operation of the Mark I subsystem com- 
pletely over an extended period of time, it appeared 
desirable to provide a means of simulating the operational 
environment. Special-purpose equipment was designed 
and built at JPL which utilizes techniques and compo- 
nents of the kind already finding application in the Mark I 
subsystem. The resulting automatic checkout equipment 
(ACE), used for JPL acceptance quality assurance at  the 
Mark I subsystem contractor’s facility, has proved to be 
sufficiently effective and inexpensive to warrant the con- 
struction of a second unit (recently completed) for use 
at  JPL. 

The ACE (Fig. 2) tests the reliability of the Mark I 
ranging subsystem by repetitively exercising operational 
modes and monitoring responses to detect erroneous op- 
erations. Contained in a single rack, which is approxi- 
mately 5 ft high, the ACE is composed of four functional 
assemblies; except for the first, each assembly comprises 
one block identical to the type used in the construction of 
the Mark I subsystem. These assemblies are as follows: 

Fig. 2. Automatic checkout equipment for 
Mark I ranging subsystem 

(2) Test states assembly, by means of which the oper- 
ation of both the ACE and the Mark I subsystem 
are controlled. 

(3) Time generator and counter assembly, which gen- 
erates the time base which synchronizes the oper- 
ations within the ACE and provides and controls 
the doppler signals sent by it to the Mark I sub- 
system. 

(4) Ranging command assembly, which simulates the 
remaining radio subsystem interlocks, supplies reset 
and start commands to the Mark I subsystem, and 
determines the accuracy of the resultant range 
number. 

Control panel assembly, containing circuitry for: A test cycle of the ACE with the Mark I subsystem is 
(a) control of the ACE and display of the test composed of 20 sequential test states. Of these, the first 
status, (b) selection of the reference range number 15 test the relay interlocks between the Mark I subsystem 
and comparison with the Mark I range number, and the receiver/exciter subsystem. The next four test 
and (e)  simulation of certain functions of the states test the range code acqiiisition, with simultaneous 
receiver/exciter and data subsystem. input to the Mark I subsystem of doppier inforiiiaiioii 
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siniulating both approaching and receding spacecraft. In 
the last test state, the resultant range number in the 
Mark I subsystem is compared with the reference range 
number in the ACE, which was previously calculated and 
stored in a binary register. 

5. Computer Programs for Muriner IV 
Occultation Data 

As part of the Mariner I V  Project, three computer pro- 
grams were written for computing, plotting, and transmit- 
ting data related to the occultation of the Mariner IV 
spacecraft. Two of these were written for the digital 
instrumentation subsystem at the Goldstone Pioneer Sta- 
tion, and one was written for the Scientific Data System 
(SDS) 930 computer at the Goldstone Echo Station. 

The programs written for the Pioneer Station, called 
the Doppler Predictions Interpolation Program and the 
Occultation Program, provided for: (1) real-time compu- 
tation of doppler residuals and integrated doppler phase 
change from 15 min before to 15 min after Mariner IV 
occultation, and (2) data conversion and teletype trans- 
mittal at 100 words/min to the Systems Data Analysis 
Group at the Pioneer Station and to the JPL Space Flight 
Operations Facility (SFOF). The program written for the 
Echo Station, called the 930 Occultation Plot Program, 
was used by the SDS 930 computer for reading teletype 
information and plotting the data on the Benson-Lehner 
point plotter for display by closed-circuit TV at the SFOF. 

These three programs may also be used for future 
spacecraft mission operations. 
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VII. Environmental Test Facilities 

A. 120-Port Multiple-Pressure- 
Measuring System 

I .  Introduction 

With the availability of a high-speed data system at 
JPL, it became worthwhile to design a new multiple- 
pressure-measuring system (MPMS) for use in wind- 
tunnel testing and also for pressure measurements in 
propulsion work. In  developing the new system, the fol- 
lowing general requirements were met in order to take 
full advantage of JPL’s facilities: 

(1) Accuracy of data. The MPMS accuracy should be 
limited only by the pressure transducers used, 
which must be capable of operating over a wide 
range of pressures: 0.004 to 50 psia full scale. 

(2) Rate of measurements. Data should be taken as 
rapidly as possible, not only because of the high 
cost of wind-tunnel operation, but also to avoid 
changes in tunnel conditions during data taking. 
The speed of data taking must be limited only by 
the settling times of pressures in the tubes from the 
model. 

(3) Range nf prwwres. Some wind-tunnel pressure- 
measuring tests involve a greater range of pressures 

to be measured simultaneously than can be covered 
by a single transducer. Hence, an array of trans- 
ducers of various ranges is required. At  the same 
time, it should be possible to disconnect any of the 
scanners from the system when fewer than the 
capacity number of pressures are to be measured. 

(4) Convenience of operations. A convenient means for 
servicing scanner units, changing transducers, and 
making wind-tunnel setups is required. 

(5 )  Range of speeds. The MPMS must be capable of 
operating at a wide range of speeds in both auto- 
matic and manual scanning operations. 

(6) Reliability. Reliability is an especially important 
consideration, since a failure in the data-taking 
equipment during a test will result in excessive 
costs to the program. 

(7) Portability. Since the MPMS is intended for use 
with any of several wind tunnels, it must be readily 
portable. 

(8) Use with high-speed data system. The MPMS must 
be used to full advantage with the high-speed data 
system. 
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2. System Description 

The MPMS, shown in Fig. 1, has an over-all weight of 
150 lb. The 10 sets of knobs visible a t  the top serve to: 
(1) connect the inside volumes of the scanners with the 
“dome” vacuum, (2) disengage the scanners from the drive 
mechanism, and (3) shift the O-rings for leak testing of 
the tubing and model. 

The 10 12-port scanner units shown in Fig. 1 are ar- 
ranged in two rows of three units each and one row of 
four units. The scanner units, with one pressure trans- 
ducer each, operate simultaneously to feed analog volt- 
ages into the data system channels and are read out in 
a fraction of a millisecond at  each port during the scan. 
Of the 12 ports on each scanner, every first port is con- 
nected to a good vacuum, while every twelfth port is 
connected to an accurately known reference pressure. In 
this way, accurate zeros and calibrations of all transducers 
are obtained each time a scan is made. Under these cir- 
cumstances, 100 ports remain for measuring unknown 
model pressures. 

A variable-speed motor synchronously drives the entire 
assembly of scanner units through a clutch-brake, a gear 
box, and a Geneva mechanism. The three shafts and bevel 
gears through which the scanner units are driven are of 
negligible backlash. The six-point Geneva mechanism 
provides intermittent rotation of the rotors. One-third of 
the total time taken for each port advance is spent in the 
motion of the advance, and two-thirds is spent with the 
rotor motionless. ”ear the end of this interval, the data 

Fig. 1 .  MPMS assembly 
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system makes the readout. During the one-third time in 
motion, the Geneva mechanism gradually increases the 
rotational velocity to a maximum and then gradually de- 
creases it to the readout position. This minimizes angular 
acceleration and deceleration to the near-theoretical 
minimum, thereby giving smooth operation and minimum 
wear. Each scanner unit can be disconnected from the 
drive shaft if it is not needed for a particular test. The 
clutch-brake provides the possibility, under manual con- 
trol, of stepping the scanner rotors one port at a time 
forward and llackward. The control is such that the drive 
shaft always stops with the transducer exactly over a port. 

A scanner unit may easily be removed from the assem- 
bly. The assembly’s design is such that, when a unit is 
replaced, it is impossible to do so in any way except in 
synchronism with the other scanner units. Fig. 2(a) shows 
one of the scanner units removed from the assembly. The 
12 plug-in connectors are locked in place by a notched 
holding ring. The knob makes possible manual rotation 
of the rotor. The dome cover is made of transparent 
plastic so that the inside of the unit can be visually in- 
spected. This cover is easily removed for changing trans- 
ducers and O-rings. A valve in the MPMS assembly for 
each scanner unit can be shut off before the dome cover 
is rcmoved in order to prevent loss of dome system 
vacuum. 

A disassembled scanner unit is shown in Fig. 2(b). The 
holes for the connectors (similar to those used at JPL for 
several years) are located in the main housing. LJnder- 
neath these holes are located the added-in volumes. The 
O-ring retainer permits shifting of the O-rings away from 
the ports in order to evacuate lines to the model for leak 
testing. A gap in the retainer permits the O-rings for zero 
and reference pressures to remain in place during the test 
so that the zero vacuum and reference pressure systems 
will not be disturbed. 

The transducer in a scanner unit mounts in the rotor 
and, of course, rotates with it. Since readout always 
occurs with the rotors stationary over the port being read 
out, an all-copper slip-ring arrangement on the lower end 
of the shaft (Fig. 2 )  can be used for bringing out the 
transducer leads. Extensive testing has indicated that slip- 
ring resistances and thermocouple voltages are negligible 
and that brushes are unaffected by acceleration and will 
last for years. Since there are no flexible transducer cables 
in the units to wind up, the rotors can be rotated in either 
direction as many revolutions as desired. Also, since the 
transducers are located in the rotor immediately over the 
rotor port, the associated volume is almost negligible. 
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Fig. 2. MPMS scanner unit 

Measurements have shown the settling time resulting 
from the transducer getting connected to a port (connec- 
tion transient) to be less than 50 msec at a pressure of 
0.01 psia. This settling time is independent of the settling 
time associated with the long tubing between the MP14S 
and the model. 

The added-in volumes slightly increasc the settling 
times of the pressures in the tubes to the model, but, as 
described below, effectively speed up operation for low- 
pressure measurements and do not affect high-pressure 
measurements, When wind-tunnel measurements are be- 
ing made, it is necessary to wait until the various pres- 
sures to be measured have simultaneously settled in all 

tubes to the model. (These tubes should be as short as 
possible.) For a pressure of 0.02 psia or less, this can be 
as long as 5 min. During a scan, a t  the instant the trans- 
ducer connects to each port, the associated transducer 
volume (even though small) causes a second disturbance 
in addition to the connection transient to the settled pres- 
sure in the line of this port. As an example, with no 
added-in volumes, a 0.048-in.-ID, 16-ft-long tube to the 
model causes a pressure disturbance of 2 or 3% at  0.01 
psia which persists for a time very much longer than the 
50 msec of the connection transient. However, for lines 
with added-in volumes of 1 cm3, which is 100 times the 
associated transducer volume, the disturbance in each 
line is reduced to less than 1%. If desired, this small error 
can be corrected in the data reduction, thus effectively 
eliminating it. After settling is complete, the scan can be 
made as rapidly as desired. The mechanical design of the 
MPMS is such that a speed of 4 ports/sec maximum can 
be attained, at which speed the 12 ports of each scanner 
unit will be run through in 3 sec; i.e., 120 ports are read 
out in 3 sec. There is no minimum speed. 

The scanner units are arranged for rotating 10 of the 
12 O-rings one-half port distance by means of a knob 
(Fig. 1). With O-rings rotated or shifted, dome vacuum 
is applied to all the lines to the model. With the pressure 
holes on the model plugged, the vacuum is held after the 
return shift by those tubes which have no leaks. A scan 
made immediately will identify leaks as indicated by the 
tubes with pressure increases. 

A microswitch located on the drive shaft just ahead of 
the Geneva mechanism gives the signal to the data system 
at the proper time for read-out for each port position. 
At this instant, ail 16 haiisducers are :cad cut ~7ithin 2 

fraction of a millisecond. A second microswitch indicates 
end-of-scan and stops the automatic advancing. A 12- 
position switch for giving port positions provides num- 
bers as contact closures 01, 02, 03, . . . , 12, which are fed 
into the high-speed data system. 

3. Vacuum Carf for Operating Pressures 

Fig. 3 shows the MPMS on the vacuum cart table. The 
DC-200 oil micromanometer is used for calibrating the 10 
transducers at pressures of 0.2 psia and less. The vacuum 
cart supplies the dome, reference, and zero (vacuum) 
pressures needed for operating the MPMS. Fig. 4 shows 
each of the three pumping systems. The reference system 
has a tank from which air can be pumped out, or bled in, 
to provide a constant pressure for calibrating transducers. 
The zero-pressure system has a diffusion pump to provide 
the very good vacuum which is applied to the tiiinsduccis 
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Fig. 3. MPMS on vacuum cart table 

for obtaining zero readings. The reference pressure above 
0.2 p i a  up to 1 atm is measured by a mercury manometer. 
For pressures above atmospheric, a different system with 
suitable gages is used. 

4. System Performance 

The accuracy, limitcd only by tlie transducers, is gen- 
erally about 0.25% for prc’ssurcs above 0.2 p i a .  Below this 
level, the accuracy decreases. becoming about 1Z at 0.02 
p i a .  

The fastest scanning time for the 120 ports is 3 sec 
after the pressures in the tubes have settled. The system 

THERMOCOUPLE 

MICROMANOMETER 

PRESSURE 

EVACUATION 

VACUUM I PUMP I BLEED 
VALVE 

REFERENCE ZERO DOME 
PRESSURE SYSTEM VACUUM SYSTEM EVACUATION SYSTEM 

Fig. 4. Vacuum cart schematic 

can be run slower if desired. With the 10 scanner units 
built into the MPMS, transducers with 10 different ranges 
can be used for simultaneously measuring a pressure 
distribution ranging from 0.001 to 50 psia. With strength- 
ened structures, still higher pressures can be simultane- 
ously measured. With Teflon-coated rotors, the MPMS 
measures pressures up to GOO p i a .  The transducer in a 
scanner unit can be changed in about 5 min, and it is 
not necessary to shut down the dome vacuum system 
during the operation. The 14- X 18- X 30-in. MPMS is 
readily portable and has a very high mechanical reliability. 
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VIII. Space Instruments 

A. Tests of the Mariner C 
TV Shutter Solenoid in 

a Space Molecular 
Sink Simulator 

Introduction. When it was decided to initiate an 
early encounter science turn-on during the Mariner IV 
Mars encounter, it became necessary to obtain additional 
data on the life expectancy of the television camera shut- 
ter in the space environment. The pacing item affecting 
the operational life of the shutter is the rotary solenoid. 
Because of this, additional life testing of the solenoids was 
proposed. 

In  order to start the mission with a relatively “fresh” 
solenoid, new solenoids were retrofitted on all of the flight 
shutters jnst before the final spacecraft system tests a t  
the Air Force Eastern Test Eiange. Tu siiciessfu!!y cem- 
plete the Mariner IV photographic mission, the life 

requirement on the solenoid was from 2600 to 2800 expo- 
sures, which includes the exposures put on the shutter 
during subsystem and spacecraft system tests after the 
solenoid retrofit and during the February 1965 encounter 
science turn-on and the exposures necessary to complete 
the mission during Mars encounter. The operational life of 
solenoids tested at ambient conditions ranged from 
16,000 to29,OOO exposures, but no data were available on 
the life expectancy of the solenoids in the clean, hard 
vacuum of space. 

To realistically simulate the lubrication and mechanical 
wear conditions existing in the solenoid in the space 
environment, an exireiiidy clean, 1i!trahigh-v3cuum test 
environment was required. No test chamber at JPL could 
provide such a test environment. However, a system 
called a space molecular sink simulator (molsink), de- 
veloped by Section 375 of the Jet Propulsion Laboratory 
mrlm the Office of Advanced Research and Technology 
Program No. 124-09-04-01 for experimental research, 
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which could provide a clean, ultrahigh-vacuum test en- 
vironment was made available for life-testing additional 
solenoids. 

From these tests it was hoped that a more realistic 
determination of the shutter life expectancy could be 
made. 

The solenoid. The rotary solenoid used to actuate 
the Mariner IV shutter was a stock commercial solenoid 
modified to meet JPL’s requirements for flight hardware. 
The rotary motion was produced by three hardened steel 
balls rolling in inclined ball races as the armature was 
pulled down by the magnetic force of the coil. The total 
rotary motion of the solenoid was 45 deg. A coil spring 
attached to the armature shaft and the solenoid base 
produced the return motion when the coil current was 
turned off. Fig. 1 is an exploded view of the solenoid. 

The solenoid was lubricated with a solid film lubricant 
(MoS, in a sodium silicate binder), which was sprayed 
onto the surfaces and then heat-cured. Its primary func- 

tion in the solenoid was to prevent metal-to-metal contact 
between moving surfaces, although it had some lubri- 
cating properties. Metal-to-metal contact was avoided 
because of the possibility of cold welding. The solid 
lubricant, of course, eventually wears away by the abra- 
sive action of the moving surfaces. This abrasive action 
was particularly severe between the hardened balls and 
the ball races because of the extremely high contact 
stresses (100,000-200,000 psi). The limited wear life of 
this solid film lubricant determined the useful life of the 
solenoid. 

The Mariner C TV shutter required two solenoid cycles 
to complete one shutter exposure. That is, the first sole- 
noid cycle opened the shutter and the second cycle closed 
the shutter. The exposure time was the time between the 
first and second solenoid pulses or cycles. 

Vacuum chamber description. The space molecular 
sink simulator consists of an 18-in. diameter by 30-in. 
Varian stainless-steel bell-jar vacuum system which uses 

PIN 7 BALLS-\ 

L ARMATURE 
ASS EM BLY 

‘CAS E 
-3 

RETA I N I NG 
WASHER 

rTHRUST 

LEE ARI NG \-ANCHOR 
PLATE 

Fig. 1. Rotary solenoid, Mariner C TV shutter (exploded view) 
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Fig. 2. Space molecular sink simulator 

all metal seals and is ion-getter and titanium sublimation 
pumped. Fig. 2 depicts the chamber with the LN2-cooled 
molecular trap removed. Fig. 3 is a view of &e iiiside of 
the molecular trap array. The longitudinal sharp wedge 
fins of the array provide an order-of-magnitude capture 
improvement for condensible molecules emanating from 
the test item over that provided by a smooth wall at the 
same temperature. This arrangement will capture all but 
one out of every 10,000 condensible molecules (H,O, oil, 
plasticizers) emanating from the test item before they 
can restrike it. Since the test item is the major source of 
gas within the molecular trap, this ratio and the actual 
outgassing rate of the test item determine the monolayer 
formation time at  the surface of the test item. 

A very rough estimate of the monolayer formation 
time can be made by estimating the test item gas evolu- 
tion rate and also the capture coefficients of these gases 
upon the molecular trap surfaces and upon the test item 
surfices. Combining these estimates with the known 
dimensions and configuration of the molecular trap and 

the test item, it could be assumed that the monolayer 
formation time was long with respect to the cycle time 
of the solenoids tested. For example, if the solenoid re- 
leased one monolayer of water per second (2 X torr- 
liters/cm'/sec) from its exposed surfaces, it would take 
1 hr for a monolayer of water to form on a cleaned 
(bearing surface) surface, provided all of the molecules 
that struck that surface stuck. The indigenous noncon- 
densible gas pressure (nitrogen was the only gas detected 
by the residual gas analyzer) was measured to be about 
1 X lo-!' torr. This provided a monolayer formation time 
of about 5 hr if it were assumed that only 10% of the 
nitrogen that struck the clean surface stuck. Further 
explanation of the space molecular sink chamber and its 
operation can be found in S P S  37-30 and 37-34, Vol. IV. 

Test description and procedure. A total of nine sole- 
noids was life-tested in the molecular sink simulator 
during the period of June 1SJuly 21, 1965. Five of the 
solenoids were given an initial run-in of 1400 to 1800 
exposures at ambient temperature and pressure before 
placing them in the molsink chamber. The other 
four solenoids were not given the 1400 to 1800 exposure 
run-in before the test, but were turned on only long 
enough to verify that they were operating properly. 

The reason for the initial run-in of five of the solenoids 
was to find out if a run-in of 1000 to 2000 exposures a t  
ambient conditions had any effect on the operating life 
of the solenoid in a high vacuum. The solenoid on 
Mariner IV had 1500 exposures put on it at ambient con- 
ditions before launch. 

The solenoids were mounted on a test fixiuie S i f i i i k i i  to 
the one shown in Fig. 4 .  Several fixtures were fabricated 
to accommodate the various numbers of solenoids that 
were tested in the chamber. The temperature of the 
solenoids was controlled by a heater wire soldered to 
the solenoid mounting plate and was monitored by a 
thermocouple attached to the mounting plate or the 
solenoid itself. Power leads from the solenoid were 
soldered to vacuum-sealed terminals on the top plate of 
the fixture. The top plate, which serves as a vacuum scal, 
was mounted on the top of the chamber with the solenoid 
mounting plate suspended from it inside the chamber. 

After the solenoid was mounted in the chamber, it was 
operated a few times to verify that it was working prop- 
erly. The chamber was then pumped down to the lO-*-torr 
range and the syftem baked out at 175OF for 48 hr. The 
bake-out cleaned the system oi condensible filo!ecii!cs 
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Fig. 3. View of the inside of the molecular trap 
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Fig. 4. Solenoid mounting fixture 

and provided an accelerated vacuum soak for the sole- 
noid, which helped simulate the effect of the 7l/h-mo 
exposure of the flight solenoid to space. The 175OF bake- 
out temperature did not exceed the maximum rated tem- 
perature of the solenoid, which was 257OF. All of the 
flight solenoid coils had been outgassed at 320°F in an 
argon atziosphere for 1 hr, and the assembled solenoids 
at 230°F for 22 hr in a vacuum. At the end of the bake- 
out period, the chamber cold wall was turned on and 
cooled down to -210OF. The solenoid temperature was 
maintained at +14OF by the heater wire. When the 
cold wall and solenoid had stabilized at their respective 
temperatures, the solenoid was turned on and the test 
started. 

Two shutter pulsers, which were built for testing the 
flight shutters, were used to operate the solenoids during 
the tests. The pulsers used the same shutter drive circuit 
that was used in the TV camera head. The flight shutter 
operated at  the rate of one exposure every 48 sec. Due to 
testing time limitations, the solenoids were operated dur- 
ing the tests at an accelerated rate of one exposure per 
5-sec iriiei V a l .  Afi ej;i;osurc ::'zs t y o  snlennid pulses 
of 25-msec duration spaced 200 msec apart. 

Solenoid operation during the tests was monitored by 
displaying the coil current on an oscilloscope and peri- 
odically observing and photographing the current wave- 
form. Typical current waveforms are shown in Fig. 5 .  
The shape of the waveform was affected by the moving 
armature, due to the back emf induced in the coil. 
Basically, three things were determined from the shape 
of the waveform: 

(1) That the solenoid moved when pulsed, 

(2) How fast it moved. 

(3) Amount of ringing or bounce at the end of the 
power stroke, 

The amount of ringing of the armature at the end of 
the power stroke indicated the amount of friction in the 
solenoid. That is, a decrease in the amount of ringing 
indicated an increase in friction. The solenoids were also 
iiiofiiiord by !ister.ir?g tc! their oneratinn, r--- which could be 
heard outside the chamber. In some tests the solenoids 
were operated all night. In this situation they were mon- 
itored by recording the signal from an accelerometer, 
which was mounted on the chamber top on a strip re- 
corder. This produced a spike on the strip chart when 
the solenoid was pulsed. 
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SHORTLY AFTER COMMENCING OPERATION OF 
SOLENOID AFTER 3-DAY VACUUM BAKE-OUT 

ONE-HALF HOUR BEFORE END OF TEST 

C- TIME +-- T I M E  

Fig. 5. Solenoid No. 204 coil current during JPL molecular sink testing 

Solenoid life test results. The results of the solenoid on a pulse. The complete failure occurred when the SO] 

life tests are given in Table 1. The loaded test condition noid failed for several minutes to actuate when pulsed. 
means that the solenoid was tested while assembled in 
a Mariner C T V  shutter. The number of exposures to fail- Conclusions. The tests showed that the solenoi 
ure given is the number put on a solenoid during the test. had a considerably shorter life expectancy operating 
It  does not include the pretest run-in exposures. The initial the molsink than they did operating in air. The open 
failure occurred when the solenoid first failed to actuate ing life of the solenoids tested in air ranged from 16,000 
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Table 1 .  Mariner C TV shutter solenoid life test results 

Solenoid test conditions I Number of exposures 

lempera- Pressure, 
ture, O F  

4 x 

3 x 

5 x lo-" 
+14 I to 

3 x 

5 x 

3 x 

4 x lo-" 
8 x 10.'" 

3 x lo-" 
6 X 10.'" 

Solenoid Before To initial To complett 
loading test failure failure 

Unloaded Unused 26,000 
Unloaded Slightly 19,000 

used 
Loaded Unused 16,000 
Loaded Unused 29,000 

Unloaded Unused 7.620 9,060 

Unloaded 1,775 15,000 

Unloaded Unused 4,000 7,900 

Unloaded 1,400 8,340 8,820 

Unloaded Unused 1 1.1 30 13,890 

loaded Unused 14,715 17,415 

I I I 

29,000 exposures, while the life of those tested in the 
molsink ranged from 4,000 to 15,000 exposures. 

The type of failure that occurred in the solenoid was 
a mechanical lock-up between the steel balls and the ball 
races, which prevented the solenoid from actuating when 
pulsed. This lock-up was preceded by a decrease in the 
armature bounce (ringing at the end of the power stroke) 
and a slowing of the armature movement. 

Microscopic examination of three of the solenoids 
tested to failure in the molsink showed that the solid 
lubricant had been completely removed from the bottoi11 
of the ball races by the abrasive action of the steel balls. 
It was this complete removal of the solid lubricant, pro- 
ducing metal-to-metal contact, that was considered to be 
the cause of the solenoid failure. The solid lubricant 
appealed to provide a&quate !ubrication nf the solenoids 
in a high vacuum. There was no difference in operating 

Remarks 

The bench tests at ambient con- 
ditions were conducted in  the 
Space Optics Group Laboro- 
tory. The test of each solenoid 
was ended offer the onset of 
the initial failure mode. 

Microscope examination of this 
solenoid showed evidence of a 
misaligned armature. which 
accelerated the abrasion of the 
solid lubricant in one ball race. 

These two solenoids were mounte 
on one fixture and operated 
simultaneously during the test 
by two shutter pulsers. Solenoi 
204 did not foil; the test plan 
was limited to 15,000 exposure 

The solenoids in this test were 
mounted ond operoted in  the 
some monner as in test No. 2. 

In this test all three of the 
solenoids were mounted on on 
fixture i n  the chomber,but only 
one solenoid was operoted ot 
a time. 

characteristics of the solenoids when operating in air and 
-*L ,,cn operating in the molsink at the start of the test. 

Although the high vacuum in the molsink had no appar- 
ent effect on the operating characteristics of any of the 
solenoids at the start of the test, the lack of absorbed mol- 
ecules between friction surfaces probably accelerated the 
abrasion of the solid lubricant from the bearing surfaces. 
It was speculated that,after the bare metal surfaces started 
to come in contact with one another, a form of microscopic 
cold welding took place during the vacuum test. This 
speculation was supported by the fact that, when the 
chamber was back filled with a dry gas, the solenoids 
:her, przceeded to operate again. The dry gas may have 
acted as a separating wedge on the microscopic cold 
welds. In the case of bench test (ambient conditions) 
failure, it was presumed that the wear proceeded until 
sufficient galling occurred to produce a lock-up condition 
which could not be broken by the pulsing force of the 
solenoid. 
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